ABSTRACT The mortality experienced by a cohort of 3025 nickel-cadmium battery workers during the period 1946-81 has been investigated. Occupational histories were described in terms of some 75 jobs: eight with "high", 14 with "moderate" or slight, and 53 with minimal exposure to cadmium oxide (hydroxide). The method of regression models in life tables (RMLT) was used to compare the estimated cadmium exposures (durations of exposed employment) of those dying from causes of interest with those of matching survivors in the same year of follow up, while controlling for sex, for year and age of starting employment, and for duration of employment. No new evidence of any association between occupational exposure to cadmium oxide (hydroxide) and cancer of the prostate was found.
This study analyses the mortality experience of a group of nickel-cadmium battery workers by the method of regression models in life tables (RMLT).
Before the data were first analysed,' the main hypotheses of interest were listed in order to minimminimise multiple testing and the generation, purely by chance, of some significant results. The hypotheses were arrived at on the basis of other epidemiological findings and published hypotheses formulated on the basis of known physiological effects of cadmium.
In 1965 Potts reported three deaths from cancer of the prostate from a total of eight deaths occurring among 74 workers exposed to cadmium for more that 10 years in the factory described here.2 Subsequently, the results of a cancer morbidity study performed on a subset of the present data were reported by Kipling and Waterhouse in 1967, who noted a statistically significant excess incidence of cancer of the prostate (Expected = 058, Observed = 4, p < 0.01).3 Any effect found, therefore, in the present analysis would have to be shown independently of the four cases described in the above report to qualify as new evidence.
In a mortality study of cadmium smelter workers Lemen et al found an excess of cancer of the prostate (Expected = 1-15, Observed = 4),4 all deaths occurring more than 20 years from first exposure Received 19 July 1982 Accepted 26 August 1982 (Expected = 0-88, Observed = 4); an excess mortality from cancers of the respiratory system was also reported in this study (Expected = 5-11, Observed = 12, p < 0.05). In 1980 Holden reported an excess mortality from cancer of the prostate among cadmium "vicinity" workers,5 but no such effect was found in a group of "highly exposed" workers or in a control group of brass foundry workers (highly exposed workers; Expected = 1-58, Observed = 1: "vicinity" workers; Expected = 3-00, Observed = 8: control group; Expected = 1-04, Observed = 0).
Occupational exposure to cadmium can lead to the development of a low molecular weight (LMW) proteinuria67 believed to be due to the accumulation of cadmium in the proximal renal tubules. Possibly, therefore, the largely asymptomatic effects of cadmium on renal function may increase the risk of mortality from nephritis and nephrosis (together with other diseases of the genitourinary system). Furthermore , it has been suggested that this effect on renal function might produce hypertension and thus influence mortality from diseases of the circulatory system. Chronic cadmium poisoning (from cadmium fume) can also produce severe dyspnoea due to emphysema.
The hypotheses to be tested, then, were as follows:
Is there an association between occupational exposure to cadmium oxide (hydroxide) dust and (1) cancer of the prostate, (2) cancers of the respiratory system, (3) diseases of the circulatory system -particu-larly those related to hypertension, (4) nephritis and nephrosis, and other diseases of the genitourinary system, and (5) diseases of the respiratory system (noncancer)? Results relating to mortality from nephritis and nephrosis and other diseases of the genitourinary system have been reported separately.8
Study material FACTORY CONDITIONS
The nickel-cadmium battery factory under investigation had been originally two concerns that amalgamated in 1947: factory A which opened in 1937 and factory B which opened in 1923 and closed after the amalgamation. The nature of the occupational cadmium exposure has been reported elsewhere27: it takes the form of cadmium oxide (hydroxide) dust, and in the early factories there was little local exhaust ventilation. The cadmium content of the air was first estimated in 1949: in the platemaking and assembly shops, concentrations ranged from 0-6 to 2-8 mg/m3, and in the negative active material department-where the cadmium oxide powder is prepared-the concentration was considerably higher. After installation of extensive local exhaust ventilation in 1950, cadmium in air levels were reduced to below 0-5 mg/m3 in most parts of the factory. Further improvements in exhaust ventilation have been installed over the years, and in 1967 a new platemaking department was built and working conditions below the then recommended threshold limit value (TLV) of 02 mg/m3 for cadmium oxide dust were achieved. Since 1975, the plant has operated at levels within the current TLV of 0-05 mg/m3. STUDY 
POPULATION
The study population and its overall mortality have been described elsewhere,' but the study cohort may be summarised as 3025 workforce employees (2559 men and 466 women) who started employment between 1923 and 1975 and had a minimum period of employment of one month.
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Methods
The mortality experience of this cohort was compared with that which might have been expected to occur if rates of mortality for the general population of England and Wales had been operating on the study cohort, having due regard to the composition of the study cohort by age and sex and calendar year. Expected numbers of deaths were calculated using the Manyears program developed by J Peto. This placed the mortality experience of the study cohort in broad perspective. The differences found between the observed mortality of an industrial cohort and its expected experience based on the rates of mortality for the general population, however, are clearly dependent on factors other than the specific occupational exposure.9 Such factors will include selection effects within the workforce as well as the social class and regional composition of the study cohort. The method of regression models in life tables (RMLT), therefore, was used to test the null hypothesis of no effect on mortality from occupational exposure to cadmium. The method of RMLT was developed by Cox, who has given examples of its use in the analysis of clinical trials'"; the method has been used by Kneale in a cohort mortality study of radiation workers and it is Kneale's use of the method that is described here."
The method is applied in two parts; firstly, a test of the null hypothesis of no effect from the exposure and, secondly, if the null hypothesis is rejected the estimation of parameters for dose effect models by maximum likelihood techniques.
The method was used to compare the estimated cadmium exposures of those who died in a given year of follow up with those of matching survivors in the same year of follow up while controlling for sex, year of hire (1923-, 1940-, 1947-, 1957-, > 1967 ), age at hire (15-, 20-, 30-, 40-, > 50), and duration of employment in years/employment status (0-, 1-, ¢ 6 or still employed).
The data were first divided into a large number of subgroups by levels of the "controlling variables" mentioned above. For each subgroup a life table was constructed giving, for each year of follow up, the total number entering the year and the number dying from the cause under investigation with the estimated cumulative cadmium exposures for these two categories (see statistical appendix).
Exposure to cadmium was estimated in two ways:
cumulative duration of employment in a high exposure job (exposure estimate 1) and cumulative duration of employment in a high or moderate exposure job (exposure estimate 2). The null hypothesis of no effect on mortality from the exposure is that the deaths in each year of follow up are a random sample from the entrants to that year, and that the difference in the mean cumulative exposures of these two categories should be zero. A test-statistic, which is asymptotically normally distributed, was calculated to determine the probability of observing by chance alone the difference found between the exposures of those who have died and the exposures of the matching survivors-that is, if the null hypothesis of no effect on mortality from the exposure is true. Thus with a test-statistic of greater than 1-96, the null hypothesis is rejected at the 5% level.
Once the controlling variables used have been shown to be adequate (by examining the change in the test-statistic for all causes of death on the addition of successive variables) the null hypotheses relating to cause specific mortality may be tested. Table 3 shows observed and expected numbers of deaths for causes under investigation by sex and by year of starting employment for men only.
Results

OVERALL MORTALITY: SMR METHOD
Compared with the general population of England and Wales, there is a deficit of deaths from diseases of the circulatory system (SMR= 89); this finding is statistically significant at the 5% level. The excess for cancers of the respiratory system (SMR = 127) is also statistically significant at the 5% level. SMRs for all causes, all cancers, and diseases of the respiratory system are 97, 109, and 112 respec- x/y where x = total in sub-group; y = number that die in study period among the x entrants.
tively. For each cause of death shown, the SMR for Ea men (early employments) is lower than that for La men (late employments).
ANALYSIS BY THE METHOD OF RMLT
This analysis is based on different numbers from those shown in the preceding section because 113 workers whose job histories were either not available or inadequately described were excluded. Table 4 shows the total number of workers together with the number of deaths occurring among them by sex, age of starting employment, and year of starting employment. The classification by "duration of employment" is not shown as an individual can appear in more than one subgroup. Thus a worker who left the company after four years' employment would be in a "3 6 or still employed" subgroup for the first four years of follow up and would then be transferred to a " 1-5" subgroup for the remainder of the study period. Table 5 shows test-statistics for all causes of death obtained from introducing different sets of controlling variables. The addition of "age at starting employment" is sufficient to reduce a highly significant statistic (3-29) to insignificance (0-69). *P< 0*001.
The addition of duration of employment, however, had surprisingly little effect, but it has been included in the following analyses because of its general importance concerning selection effects within industrial cohorts, although analyses were also performed without the inclusion of duration of employment as a controlling variable. [Exposure = duration of employment in a high or moderate exposure job.
In units of years of exposed employment.
ttMean deviation in exposure between those dying from a particular cause, and matching survivors, in units of years of exposed employment. 
Discussion
The reasonableness of any approach using an internal standard depends on one main assumption: that we are comparing like with like, that after controlling for certain variables, exposed and non-exposed workers in a given year of follow up in a given subgroup are similar with respect to factors other than exposure.
In this study cohort all were workforce employees in one industry (one factory after 1947) and nearly all lived in the immediate locality. Some of the earlier personnel records are known to have been destroyed and the low SMR found for all causes among Ea men seems to be the result of a "survivor population effect," with data for the earlier entrants into the industry tending to be available for those who had remained in employment until after the 1947 amalgamation.
In recent years job applicants with a history of lung or kidney diseases have not been employed in high exposure jobs, and this selection process would, to some extent, work against the demonstration of any potential "hazard" for certain diseases.
The power of any mortality study must depend on the number of (cause-specific) deaths available for analysis, on the method of analysis adopted, and on the extent of discrimination in exposure within subcohorts.
The principal exposure variable used in this analysis (duration of high exposure employment) is relatively crude but is believed to be the most "realistic" estimate currently available. As stated above, however, the inclusion of moderate exposure employment in the "non-exposed" grouping would also, to some extent, work against the demonstration of any potential hazard. Furthermore, although this is a "long" follow up study with some 599 deaths available for analysis, only 12% of those who died had had more than five years' high exposure employment, whereas some 24% of those who died had had more than five years high or moderate exposure employment.
If occupational exposure to cadmium oxide is a risk factor for cancers of the respiratory system these factors may be the explanation for finding a statistically significant statistic for exposure estimate 2 but not finding a similar result for exposure esti--mate 1. If no such risk exists, however, this finding may be a consequence of (1) possible risks associated with oxy-acetylene welding (as indicated by the statistics found for exposure estimate 3), (2) exposure to nickel hydroxide, '3 4 or (3) 
